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A STUDY Or RUTMENIUM 106 AS A RETA GOULCE 
I4 RADIATION THELAPY 


OTL} 


It is the purpose of this paper to present a study of 
the properties of ihe radiationa emitted by Ruthenium 106 and 
its daughters ss applied to the therapy of the external lesions 
of cancer, various warte and moles, and such other surface dis- 
iurbanees of the body es may be reaponsive to irradiation, 

The generally accepted current medical practice is to 
treat these abnormal conditions ty surgery (excision or cauteriza- 
tion), by the use of various chemotherapeutic agents (very limited 
in number and scope), or by irradiation of the affected area when 
other methods are not considered practicable. Surgery and, to « 
lesoer degree, chemotherapy are frequently eonsídered imprectica- 
ple (©) for & number of reasons! 

l. The position of the growth renders surgical 

approach difficult without high mortality or crippling 
risk. 

2. The growth my be too extensive. 

3. Metastases may be present. 

The poor ceneral health of the patient due‏ ہے 

to eardio-vascular or renal disease, obesity, or 
debility from old age. 
edi 
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5. The patient may, for his own reasons, refuse 

surgícal treatment, 

According to statistics compiled by the Swedish Cancer 
Association, only one-third of ali cancerous conditions coming 
under medical supervision ars suitable for surgery; end, of those 
who undergo surgery, only one-third (1/9 of the tetal) show other 
than temporary, short-lived relief. One must also consider all 
of the noncancerous conditions, many of which are rot suitable 
for surgery. It is, therefore, frequently necessary to employ ons 
or more of the various methods for radiation therapy. Currently, 
the most commonly employed radistion sources are X-ray machines 
and rediwa for gemnand/or beta-ray treatments. Any of these 
methods involve essentially the samo hazards en ars found in the 
deep irradiation therapy of malignant rrowths whieh cannot be 
reached by the short-range beta particles. This ie true even of 
the radium beta ray applicators since the beta~emitting daughtera 
of redius are maintained in equilibrium with thone emitting gamma 
raya, and thus prodwe a deep irradiation field whieh is unnecessary 
in tbe treatment of surface lesions, and is undesirably detrimental 
to the normal tissues of the patient and to the health of the attends 
ine physician. The succes:fu: trestment of any malignant or disfig- 
uring erowth by irradiation depends upon the administration of a 
quantity of radiation sufficient to proóduos permanent arrest of the 
growth without causing extensive damage to the underlying normal 
tissue which is essential to proper repair. Where usable, surface 
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irradiation hag the distinct added advantege in that no surgical 
or anaesthetic risks neod be taken, 

Fortunately, during the treatment of a surface lesion, the 
X-ray or gaman ray dose received by both the patient and the radiol- 
ogist is not normelly sufficient to induse aither the ecute or the 
chronic type of radiation sickness. The patient, having received 
his treatment, leaves the rediation field end, therefore, discontine 
ues his exposure. This is not true of the attending physician, 
however, for he munt also exposes himself during the preliminary 
preparations for a treatment and again afterward In returning the 
aouree used to its place of safe storage (when sources other than 
X-ray machines aro used), In addition, it must be considered thet 
a busy radiologist will expose himself in this same manner many 
times during a single day, and that thie daily exposure ís continued 
throughout the year, The proof that many of these doctors do receive 
an injurious dose leading to chronic radiation injuries may be seen 
in the large number of radiologists and dentists who have been com- 
pelled to undergo exputation of fingers, and even af hands, in the 
malformed fingernail structure of others, and in the frequently 
observed pigmentation changes, leukemias, aplastic anemias, aná 
high incidence of carcinoma observed in pioneer radiolocists(4), 
It has definitely heen shown that chronie exposure to nunlear 
radiations, even at low done levels, is eareinorenio (6), 

It 1s, therefore, essential to develop sone new source 
or sources of mildly penetrating radiation for treatment of there 
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surface lesions, whieh will not include the serious gamma-ray 
hazard incidental to the use of radium sources for beta particles. 
Another advantage of employing beta ray sources other then radium 
derivatives is the elimination of the pgas-leak hasard, which is so 
dangerous in rediwa work. For this purpose, many investigators have 
been examining the table of isotopes, particularly those fission 
products available in relatively large quantities from nuclear 
reactors, in an effort to find heta-emitting materials with a 
suitable penetrating power and half-life, with a minimum of elec- 
tromagnetic radiation. Of the various isotopes investigated to 
date, the current favorite is the strontium 9O-yttrium 90 family, 
of which the effective beta particle has = maxiumw: energy of 7,2 
Hev. However, with appropriate filtering to eliminate the low 
energy 0.63 Mev particle emitted by Sr 90, the intensity of the 
radiation field falla to 50% of the surface dose in 0.8 willi- 
meters of tissue(1Ó), as shoun in Figure 7. Since the effective 
penetrating depth in soft tissue of thie beta particle is fairly 
low, and, therefore, only very superficial lesions will be reached 
by it, it is desirable to find some other beta source which pos- 
nesses a greater penetrating power, thereby requiring a lover 
total aurfsce exposure to the lesion to achieve the some thers- 
peutic result. Thie would provide an appreciable reduction in 
tissue necrosis and the resultant uleeration and secondary infection, 


as well as a better cosmetic affect, as the legion heals. 
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Since high-energy bete particles impinging on the 
metalife portions of the arplicator holdera ourrently in use 
produce. a rather high Bremsetrahlung flux, it ia also desirable 
to develop holders which will minimise this effect. In eddition, 
the applicators should be designed in such a manner ss to provide 
for easy mounting on the patient without requiring the physician 
to hold them in place as is the cane with the current Sr 90 appli- 
۰. 

It is with these factors in mind that this study, designed 
to explore tbe advantageous physical properties of itu 106 with a 
view to the advantageous utilization of then in radiation therapy, 
was initiated. Included herein are data showing the intensity 
distribution of the beta field surrounding various Ru 106 sources 
in tissue equivalent phantoms, information concerning the relative 
Xeray and pamma rey output when the emitter is electroplated on 
various plating bases, some information on the physiological effects, 
aa well as methode for measuring the penetretion ef beta particles 
in tiasus phantoms, 
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ku 106 was selected as a possible radiation source 
for this work due to the conveniently kigh energy of the beta 
particle from the daughter element Rh 106, the comparatively 
constant output incidental to its ome year half-life, the 
extremely low gamme-ray output relative to a radium source of 
the same beta intensity, and due to the absenee of any gaa-leak- 
age problem. In addition, ruthenium, unlike atrontiun(?^0), does 


not deposit in the skeletal structure when accidentally ingested, 
The decay scheme of the Ru 106 family ig33), 





The beta particle from Ru 106 is of very low energy. That portion 
whieh 18 not eliminated by self absorption within the source 
proper can be readily sereened out of the effective radiation 
field by a thin plastic film whieh will not appreciably attenmte 


the desired beta field, This may be readily seen by corparieon 
6 
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of the range of the two particles. The 3.55-Mew particle has e 
range of 1.924 gm/sq em, while the 0.04l-Mey particle has a range 
of less than 0.004 gm/sq em, 

ás part of the general aim of this project, an effort vas 
made to determine the relative lovels of Bremsstrehlung emission 
from the various plating bases, For electron energies in the neigh- 
borhood of 100 Kev, the efficiency of conversion of electron energy 
1o Xeray energy 1a directly proportional to the atomie number. 

That this is sot directly applicable to electrons of higher energy 
ås substantiated ty experimental work now in progress at the labora~ 
tories of the General Electrie Company. However, indications are 
that the final relationship, when developed, will show that the 
conversion efficiency for thess higher energy electrons will be 

sone function of the atomic number of the target material, such 
that the use of a target of lou atonie number will produce less 
leray output than will tergets of high atomic number. Gold, copper, 
and bheryllium uere selected for atudy in this aspect. 

The specifie Ru 19 sources employed in this study were 
furnished from the Isotopes Division, Oak Ridge National Laboratory. 
Since ORNL does not specify the exact quantity of material provided 
in any shipment of this nature, the amounts specified herein are 
only within ths accuracy of the information provided on the shipping 
papers from ORNL. 

Source 1: 2 mC Ru 106 electroplated on a gold diea 0,01 
4neh thick and 1 inch in diamter. Exverimental evidences encountered 
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in these tents showed that the Ru 106 wes not uniformly plated 
thereon (Figure 1). Data was not taken from this dise due to 
the unsatisfsetory nature of the emitting surface. 

Source 2: 3 mC Ru 106 electroplated on a copper dise 
0.01 inch thick and 1 ineh in diameter. Again, experimental 
evidence showed a lack of uniformity in plating the sample on 
the disc (Figure 2), although thie sample weas sufficiently sate 
isfactory to permit the taking of data therefrom. It is believed 
that both samples were probably plated on material which had not 
reosived adequate preparation and, possibly, at too kígh a devosi- 


tion rate, 





wa 01 = 
Fig. 1. Source 1l, Fig. 2. Source 2, 
Autoradiograph of source in Autoradiograph of source in 
applicator holder, Hote arplieator holder. Note thet 
the uneven plating of the the Ru 106 is more evenly 


Scurce 3: This source has not yet been delivered from 
ORNL. It has been requested that 3 m Ru 106 be plated on a 
beryllium diso l em thick and 1 inch in diameter, Although 
beryllium is a diffieult and hasardous material with whieh to work(26) 
it was selected ec the material with the lowest atomic number with 


which to carry out these tests satisfactorily. The range of the 
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3,55 Hev beta particle in beryllium is 11.1 mm, Since thia 
beryllium diso should be covered with about 1 me of Al as a 
convenient handling case, essentially all the beta rays frou 
this source will be completely stopped within the source proper. 
This will eliminate any beta hazard from tack radiation to the 
radiologist who may be called upon to manipulate it, and will 
algo make the applicator a convenient size and weight to be 
fastened directly to the area to he irradiated. The light“ 
weight feature is highly desirable in that, altbough surface 
growths of the type to be treated with this applicator are not 
normally supplied with neural fibers, pressure on the lesion 
transferred to the surrounding tissue can cause the patient 
considerable “ineonfort. 





The electronic circuit employed in this study la one 
designed by A. ۰ Mer 32) for use in a mass spectrograph, and 
modified for use as a d.c. amplifier with miniature ionization 
chambers by D. T. Egpen, who slso did the initial construction 
work on the instrument, Dr. Fggen's modification merely cone 
sisted of employing cne channel of Dr. Nier's circuit and modi- 
fying the filament supply or the amplifier to provide the proper 
current for half as many tubea in series, 

Since the equipment had been in dead storage for same 


time prior to the beginning of thie project and had been rather 
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badly mishandled during that period, it was necessary to rebuild 

& large portion of the ayaten before 1t could be placed in oper- 
ation. In apriying this instrument to the work with ruthenium, it 
wag necessary to introduce an additional 100,909 obm resistor 
into the feedback and metering circuit in order te desensitize 

the syaten to the point where it could properly handle the signal 
stzength obtained, 

For tko assistance of others who may employ this system, 
operating voltages are shown on tho circuit in Figure 3. Caution 
must be used to ingure that the high voltages are cot applied to 
the preamplifier until ite cathode hes hed at least thirty seconds 
to warm, It fa also advisable to permit the entire electrenio 
ayeten to warm for several minutes to establish the stability 
required for this work, Shielding is necessary on the cable from 
the preamplifier to subsequent stages as there is enough cable 
pickup to make the umshieléed system unstable, It 18 also noces- 
gary to establish an electrienl connection between the mercury- 
water systex (sce discussion of phantom) and the amplifier, since 
the changing electric field and statio charge developed while the 
wercury ie flowing will otherwise drive the meter off scala, 
requiring several seconds for the syatem te discherge. For this 
purpose, it is recommended that tbe connection be made to the 
outer electrode of the chamber for the additional reasons discussed 


under ion chamber windows. 
lO 


Miri cl سرچ‎ bes د١ ملس اخهء چهااعما,‎ êa hominis مد‎ 
or وتص ے‎ pf higop i) EU anra غه‎ Ye iria edad e 
i صرح وحسع سم‎ ves aO cw دمه اد ورا عم ہیں مس۶‎ 
— — — s 
A demitwet un) oe 
A 7ی12‎ 
oe Gale ,سو ر( تھ‎ 

وي در اسوه تفا RIAS Pla‏ ناد 
9+800 , ول دب دنو دوه ووه ووهه 
amomo wihi hani jo ben ord misas otl Jia |‏ 
nia e‏ —' — 
ووس غو موو | «f ee poca‏ هخا enê‏ نی 

weit aidaa v3) ne vueanenem تللمکضفبع 7ه‎ dmm چم‎ ۱ 
alamo dias el وب تج وریسوسدہ دنہ ی ناد‎ | omy sil 

u ala ii جن‎ e re 
mie ml o inte سب‎ ra) 
— — — ^ 
سه‎ oy اد‎ — — — — 
-i Atin ot مسر‎ ٢0 سم هلم یسه ام‎ ۱ 
——T— RO وله توت ۰ غه مکووم‎ 








































$ 











٢ 


RU 








۳ھ Ja. Power E Circus?‏ و 


Lie 








1 - 

EN 
qia 

bI 


(D 


RI6 
R7 
RI8 


a 
RIS 

R14 

| 

qov 


f9 Jj. Ampli ¡er Circo: 
-12- 


V17 


Dia 





1 


PREAMPLIFIER 


Q 
۴ 
ما‎ 
اہ‎ 
© 
4 
Q 


e 





4 


e 


R32 


ram 








Figwre 34 


Veluss ef Circuit Elensnts 





a 5 5 2 02 20202 2 20202 5 6 





$822 


qe mane io 3715 22593 5:9 8 


i 


0899995 15ل 


ای رع ع زع بع دہ 


| fiM ed veo t0 06.0 rd mne too 


, 
> 


— 


| ہی 


84 6۵ ده دم به دخ له ده 8 6 52 








The ionisation chamber used ae a means of atulying 
the intensity distribution of tbe bets ray field Is sbown in 
Figure 4. It is supported from a plastic diese in the preamplifier 
housing, and is directly corrected into the preamplifier. The 
chamber has a volume of 0,008 ml. Since 1 r/neo is the equivalent 
of 2.08 x 10 fon peirs/see/wl, or one statcoulowh/sec/el, 1 r 
for this chamber volume is 7.416 x 10715 amperes, This would 
give a signal input to the grid of the preamlifier of 7.416 
mv/r/sec, and if one were to use a source of 100 r/see, the grid 
swing of 0.7 volts wold still be within that allowable for the 
VX-Al-A used, 

Various window materials were tried with this chamber, 
am the chamber uas also tried as an open-ended chamber. This 
latter proved to be ungatisfaetory since water vapor from the 
surface of the phantom shorte3J the ehamher,. The most satisfactory 
window material used was 0.002 inch Zapon. Plastica such as 
Zapon are so close to the stopping power of water and are so 
thín that they need not be taken ínto account in computing the 
reduetion in beam intensity by passage through the water phantoms 
Aluminum vindows were tried and found to te unsatisfactory. 
Electrolytic action in the phentow tank rapidly produced pin- 
holes in the window, which resulted in the short-circuiting of 
the chamber. This effect was partially eliminated by placing 


the entire bath at the seme potential as the window, but enough 
ow] 50 
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sluminum contínued to enter into solution, although mueh more 


slowly, to produee punctures in the foil. 
Annlicstor Holders 


The applicator holder used in these tests (Figure 5) 
was designed to take advantage of the low atomic number of alumi~ 
mum in the produetíon of :-radiation,. The actual structural 
design was as shown to permit easy and rapid changes from one 
source to another, as well as to permit the taking of data on 
one type of beam collimator (the suree may te placed in position 
at either end of the retaining cylinder), 

The beryllium-base source ray also be used in this 
holder for oauparison purposes, although such a massive construc- 
tion would not be used in therapy. 





To determine the penetration pattern of the kh 106 beta 
particles in tissue, 1% was necessary to devise some metiod of 
simileting the stopping paver of soft tissue, since the use of 
tissue itself ia not practicable. water is commonly used for 
that purpose(15,16,30,36), and una used here. 

In thie system, thors also had to be inoluded provisions 
for accurately varying the position relationship between the 
emitting surface ani the measuring; device (ion chamber), provision 


for weasuring these variations, an! safety meapures for protecting 
eol P 
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the cperator from the high beta flux involved. 

The syutea es shown in Figure 6 wae finally evolved 
after trial of seversl variations thereof. Sínee wschanical 
systaug are valneretle to the corrosive effects of unter and 
electrolytes, frequently develop leaks, and contain inherent, 
beekiash and other mechaniesl difficulties, 1% was decided to 
employ a hydraulío system to drive the moving parta of this 
zechanisen. The tank used wan a glass cylinder, €.56 om inside 
@ieveter, and 19 em long. This usas mounted on a half-inch 
Plexiglas sheet drilled as shown, and fitted with glaso nipples 
for attachment of the mercury reservoir and a bottom drain for 
removing nereury without removing weter or otherwiae disturbing 
the syster, A Plexiglas etage was used uron weich the applicator 
wee mounted This whole enrembly, plus the phantom water, was then 
floated on the nercury surface. The scale on tha side of the tank 
ts divided into millimeters, and can, therefore, be read to the 
nearest 9,1 ma with the aid of a suitestle magnifying lene, Thus, 
ty adding or eaubstracting mercury fron the syatem and reeding the 
position of the Plexiglas stage, 1t 1g possible to determ!:s the 
position of the source relative to the ion chamber. If greater 
accuracy or more finely spaeed readings are desirable, it is merse 
ly necessary to corpute from the physical dimensions of the tank 
the volume of mercury which must be added or taken away to provide 
the desired variation in source-chamher spacing. when employing 


the volumetric addition of mercury, constent temperature must 
س19‎ 
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be maintained to prevent expannio: errors. For accuracy require- 
nents within the lizita of the tank scale, mercury ia introduced 
from a separatory funnel as 4 convenient reservoir. Where greater 
accuracy requirements necoasitate the volumetric addition of 
mercury, a burette is substituted for the fumel. Fersons who 
may employ ibis syoten are cautioned that tbe buretie must have a 
long stopeook, since a short & peock will be forge” out by the 
pressure of the mercury column in the hurette, It is +is0 auge 
gested that all hose connections be clamped and lacquered to 
prevent apilling nercury. A traversing device for the ion chamber 
ves also provided to feailitate reproducible readinga at ail 
points of the applicator surface. A siphon arrangement (not 
shown) was also provided for eonvenience in removing weter from 
the tank during operation without exposing the operster to the 
radiation field. A light was mounted behind the tank to improve 
visibility, To add contrast between the Plexiglas etare and the 
water, a blue dye was added to the water. This greatly facilitated 
measurement and reduced eyestrain, 


incidental Eovlrments 


Other equipment used for gsuma-ray readings, watcradio= 
graphs, and the adjustment of the electronic systes were of the 
variety standard in any physics laboratory and merit no special 
mention or description here, 

-21- 


zem qeu soma. — 
Lo——— EA. EC i. L LIUM em 
وسواو‎ «ER 
N mde emule — — - — 
رر ہے‎ ٠٠٦١ 0:0۳ 

E vf RY NAN A Pamela o ndn domui. puni 
LOIS c——————— وو بل‎ ۸ 
— — —— — Anli hing 
— — توا ان‎ — — pili و‎ 
Lip ۲۰ معنفء‎ ales sli of پو رلم‎ 
— ct À irse adi ۵ ۵ a 
— — پا ات‎ 
—— موک‎ dida eot) eee غور یوو مو‎ 
wett ین‎ Mio له سه لت الا بک‎ ١ فظوم وسلد‎ 
—— —— bis at «hy 
— — gb ووو اس‎ 





















* 





e 


W^ cH e ۷۷۱ر( سي‎ o rhe dass 
Lathe مه‎ Moe das (davis! وکیوشمه نه دو ووو‎ ۱ ۱ 
ed OFF tel m m Pet 





سا 





The equipment for this portion of the study was erranged 
as described. The actual measurement procedure, occasionally 
modified slightly for special variations, vas aa follousi 

a. Preparations 

1. Balance and zero-got the metering system, This was 
checked periodically during all runs to insure continued satis- 
factory operation. 

2, Introduce sufficient mercury into ihe tank to raise 
the source to a convenient level for the teat to be performed. 
Immerse the ion chamber until contact is mace with the surface 
of the applicator, | 

be Measurements \ 

With the chamber in contect with the applicator,‏ م1 
record the meter reading. This initial reading is normally made‏ 
at the center of the applicator and is used as ‘the *100% of Surface‏ 
Dose” reference. Record, also, the position of the atage.‏ 

2. Move the ion chamber to other tuto on the surface 
of the applicator and record the meter reading and position date 
at each point. These lateral roints at w'ich سم‎ are made 
are selected to provide data which will permit accurate determin- 
ation of the penetration pattern, 
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3. Drain mercury from the tank until the desired 
souree-chamber spacing is obtained. Record the new stage position 
aml the meter readings at each of the lateral positions selected 
in Step 2, 

he Repeat Step 3 at as many positions se may be necesuary 
to obtain sufficient data t5 plot a curve of intenajty versus die» 
tance for exch point on the applicator surface, The nourcs-ehamber 
spacing is determined nas tha difference bstvesr the contect position 
of the ntape and the position at any given reading. Distance 
intervals of 0,2 or 0,3 mm were used up to ranges where the intensity 
became less than 703 of the surface intensity and where pattern 
fringes were being exemined. Thin wae done to lecate the knee of 
the curve accurately (Figure 7). Greater intervals sre permissible 
thereafter. 

5, For each reading obtained in Steps 2-4, compute the 
percentage of the eontzet reading, weing as reference the reading 
Obtained in Step 1. From theese data, plot isodose patterns for 
each source employsd (i.e., Figure 8). 


Austoradiocranba: 


Autoradiographs were introduced into this study to 
provide the reader with visual conformation of some of the informe- 
tion determined during the penetration measurements in the tissue 
phenton, 

„ti; 
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As was mentioned previously, the nonuniformity of source 
plating ia demonstrated by Figures l and 2, Additional autoradio- 
graphs were prepared to substantiate the igodose patterns obtelned 
by electronic measurement. These are included in the date section, 
along with photodensitometer readings obtained therefrom, These 
were prepared by stacking film to a depth equivalent to the maximum 
range of tbe bota particles and applying tbe source to the top of 
that stack for the indicated period, or by mounting the film 
vertically between paraffin blocks and applying the source to the 
edge of the film. Each film layer with emulsion vas measured to 
have an average thickness of 0.223 me and a density of 1.41 ga/ce. 
Thus, each 0.71 mm of film hae en equivalent stopping power of 1 
mm of tissue or water. Figure 7 demonstrates the correiation be~ 
tween the densitometric date and the electronic date along the axis 
of the applicator. Since film emulsions undergo a saturation 
effect at high intensities (49), proper correlation at close ranges 
la difficult to secompligh. 

Exposures are indicated with each autoradiograph. ou font 
Type 508 X-ray file wes used, and was developed according to the 
manufacturer's specifications (4 minutes in Du Pont X-ray Developer; 
10 minutes in Kodak Xeray Fixer; 69 degrees F.). 


Biological ٣٦ 
The information obtained in the brief biological teat 


done in conjunction with this study cannot be considered adequate. 
dd 
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The test was merely performed $0 obialn an indication of the nature 
ef the biological reaction to a Ru 106 source. 

Source 2 was taped to the shaved tack of a wale rabbit 
for a period of 15 hours and 40 minutes, for a total surface 8 
ef 23,990 rep. The rabbit wae then observed periodically to deter- 


mine any biological effects. 





To prepare a therapeutic applicator whieh will provide 
a dose rate suitable for clinical use, the physician's require- 
ments must be considered. Each tumor type pesseeses its own 
minimum lethal dose which must be applied to nsure 
grovth (6,17,2. 
eorditinn of the ... 
periode of treatment. In addition, evidence has been presented 
which purports to abow a relationehip between the effectiveness of 
the total doge and tho rate at which it 1s applied(®), It in the 
function of the phyaician to correlate theee factors and select 
the optimum total dose and optimum dose rate for a particular 
pathological condition. This paper does not attempt to do this 
for hin. 

Included herein are the calculations to he used to 


determine the activity for a specific treatment based upon 
25 
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the desired total dose and the rate at which it is to be 
administered. 

Rh 106 has two decay paths for each of which separate 
calculation must be made to determine ihe actual energy irans- 
ferred to an irradiated area, 

Assuming no Eremsstrahlung to be present (introduced 
later), the rate at which energy ie emitted from any beta source 
iss 


energy/sec = (number of beta particles enitted/sec) 
(average energy per particle). 


al. ergs/seo = kiM whore K = number of mM present 


N - number of particles emitted 
per mo 


= 3,7 x 107 


k = conversion factor from Mev 
to ergs 


= 1,6 x 19-6 ergs/Mev 
Esa energy per particle 
(Mev 
To obtain tho dose rate in any medium in rep/sec, one 
must use the rep as definedi 1 rep = 95 ergs absorbed per gram 
of absorbent tissue. The mass of absorbent in any material is: 
192 eps = GAR where de density 
A= area of surface irradiated 


R = gu of particle of average energy 


Division of Eq 1 by Eq 2 then gives the dose rate of the 
source material as: 
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Za 3 rep/see/gn of tissue = XXZMo/dAn where q = conversion factor 
from ergs to rep 
as defined above 

= 1/95 
Using the density of tissue as unity end assuming, tempo- 
rarily, 100% geometry, substitution of the appropriate conversion 


factors into Eq 3 givest 


rep/seo = (3.7 x 107) (1,6 = 10-°) nf 
95 AR 


ME‏ 0.623 ہے 
Ins. AR‏ 


Application of Eq 4 to a Sr 9 applicator produced and 
calibrated by Trecerlab, Inc., gives values ecmparable to those 
obtained by the calibration measurements, vithin a suitable gem 
metric correction. This applicator contains aprreximtely 25 mC 
of Sr 90, maximum beta energy of 2.7 Mev, and was measured by the 
manufacturer to provide 23.1 rep/see at the surface. 

The following equation (27) permite caleulaticn of the 
average energy per beta particles 
Eo 5 ne رز‎ = 0.33(1 + g” *) ü * 


where n - the ratio of the nverage beta particle energy 
to the maximum beta particle energy. 

for Sr 90, the average enargy is therefores 
g 1/ | 
E = n Ea =(2.2)(0.33)(1 - 38 )(1 « 2,2?) 

43 4 
- 0.853 Mev 
Esploying this average energy in Eq 4, the Sr 90 appli- 
eater in question baving a diameter of 7.7 mm, the dose ratio ist 
کا‎ 
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rep/sec = 24623 (0,853) (22) = 86.5 rep/seec 
0.330 ul 7.71% ( 


To obtain the calibrated value of 28.1 rep/sec, an 
adjustment factor of 32.5% must be applied to account for losaes 
due to applicator geometry and to account for conversion of beta 
particle energy to Premsstrahlung. This correction would seem 
to be of the proper magnitude based on the limited available im 
formation on the internal construction of this Sr 90 applicator, 
and allowing for the approximation error in the 25 mCO ۰ 

Similar calculations for Hh 106 show the average energies 
of the two beta particles to hei 

E = 1.45 Mew for E, = 3.55 Mev 
É = 0.88 Mev for E, = 2.30 Mev 

Application of these average energies to Eq 4, with 
proper allowance for the 8271815 relationship between the two 
decay paths, and using unit area for the source, shows! 


rep/seo = 9.623 (gh) + 0,623 (eB) 
A Rh) A )8 و(‎ 


for 1 mC 
where subseript 1 pertains to the 82% decay path, and 
2 pertaing to the 18% decay path 


g = fraction of transitions by the 
selected path 


The range (om of tissue) for the 1.45 Mev particle is 
0,645 cm, and for the 0.83 Mev particle is 0.344 cm. 

Substitution of the given values of g, E, and R, and 
assuming unit area for convenience, givens 
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rep/seo » Q,62201,45)(0,22) + 0,62 
0,645 0,344 


« 1,429 for 1 mC Kh 106 on 1 sq om of surface 

The test applicator employed herein has a geometry 
factor of approximately 50% when reflection from the plating base 
and radiative losses are taken into account. ‘Thus, for each nC /om* 
exposed in thin system, 0.715 rep/sec enter the area to be irradi- 
ated. This is not true in the present practice, since the nonuni- 
formity of the plated surface has already been demonstrated, and 
the inaccuracies of the ORNL shipping data have been mentioned, 
Assume 3 20 to be plated uniformly on a Cu dise 1 inch in diameter. 
Since a 1/8 inch lip covers a portion of the emitting surface, only 
56.3% of the emitter is exposed, leaving 1.69 mC effective in 
creating the beta field. Apnlying the geometric corrections, this 
applicator has 0,593 mO/em?, and therefore, supplies (0.593)(0.715) 
= 0.424 rep/sec/en? to the irradiated surface, 

In the preparation of a practical therapeutic applicator, 
it is desirable that a minimum of the actíve enitter be masked 
by the supporting structure. This can be accomplished by reduction 
of the width of the supporting lip and/or by masking the area, which 
la to be covered by the supporting structure, such that no active 
deposit la mede in this region during electroplating. 

In the preceding discussion, the production of Brems- 
strahlung vas omitted in order not to detract from the discussion 
at that time. Since this procesa accounts for an appreciable 
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portion of the electromagnetic radiation in a problem of this 
sort, and, therefore, is a major contribution to the radiation 
hazard of high energy beta ray sources, it must be taken into 
consideration. 

In the introductory remarks, it was noted that the 
true efficiency of conversion of electron energy to X-rsdiation 
da probably not an exact linear function of the atomic number, 
However, since such a true relationship ia not yet available, 
the direct proportionality approach will be employed for the pur~ 
poses of this discussion. The following equation(29) y111 ve 
useds 
30.6 n = bE 2/1600 me? wherei 


n = the portion of the energy converted 
to Premsetrahlung 


bE = the average energy for a given beta 
ray spectrum 


mo? = the rest mass of the electron 
s 0,00055 mu = 0,512 Mev 


Consider only the active dise without any applicator 
holder, such that the Premestrehlung emission is due almost en- 
tirely to electrons impinging on the plating base. Over all of 
the beta energies from Rh 106, the average is 1.35 Mevy therefore, 

this case, n = 1,65 x 10-22. Values of n for the materiels 
in this project are included in the tables 
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TABLE 1 


Plating meaa a 
„BAR. مس‎ fin ۸ بل = له‎ 7 Bs=_2,55 
Gold 0.130 0,31 zm 0.99 um 
Copper 0,048 0.67 mm 2.15 mm 
Aluminum 0.021 221 mm 7.13 mm 


From the above values of n, it is readily seen that 
beryllium is by far the hest pleting base for use in attempting 
to reduce the X-radiation field around a beta applicator. It is 
unfortunate that the sources did not arrive from ORNL in suffielent 
time, or with sufficient accompanying information, to permit verifi- 
cation of this atatement with adequate experimental evidence, 

This system contains a gamma-ray source, Allowances must, 
therefore, be made for this electromagnetic radiation as well as 
for Bremsstrahlung. As pointed out in the introductory material, 
the patient — treatment is exposed only for the period 
of the treatment, and need not be considered in the long-term 
radiation-exposure picture. Therefore, in computing the gunma-ray 
intensity about one of these sources, dose rates will be figured 
as pertaining to the physician, who, in general, will be in close 
proximity to the patient only while actually fastening an applica- 
tor to the patient's person. Since he will be some distance avay 
(at least arm's length) for the remainder of the treatment, the 
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applicator may be ecnsidered to funeticn as a polnt souret, 
Computations may, therefore, be made by the use of the fellewing 
equation 9) t 





Computing the dese rate at ons meter fron û Ruh toured, 
ene must take Into account the throe different gamma-ray enwi les 
involved. Eq 7 thea beecuess 


R/hr/uC atl1R = (3. (£45, * £939 * 845) 





where, g, * fraction of transitions by e given pata 
. of the emitted pheton by the given pata 
6% * رح‎ * E354 e 0,17 x 06,91 + 0.17 x 0.73 + 0.01 x 1,25 





The data obtained by measuring depth dose as a function 
of surface dese are presented in Figures 7, 8, ani 9, 

Figure 7 includes the axial Gepthedose data odie ined 
from Source 2 (in tha Ai holder) by ion chamber measurement, £ 
curve for a Sr 90 applicater(1Ó) rex comparison purposes, and 
photedensitometric readings from the autoradiographe (Figere 11). 
It may be seen that the Sr 90 applicator field falls ta SOL of 
its surface intensity at 0.0 ma penetration into a water phantom, 
at which distance the intensity cf the Au 106 applicator field 
remains in excess of 100%, Theoretical concepts injicate that a 
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similar plateau should appear for the Sr 99 applicator, However, 
in medical practice, it is necessary to filter the 0.63 Mev 
particle emitted by the Sr 90 since it vill produce an undesirable 
necrotic condition at the tissue surface while the therapeutically 
effective 2.2 Hev particle from Y 90 is delivering the desired | 
depth dose, “This condition does not exist in the Ru-RKh system, 
since the Ru 106 particle 1s of such low energy. It is also 
notable that at a depth of 5 mm, the Sr 90 dose rate is lecs than 
2% of the surface dose whilo that from Ru 106-Rh 106 sources is 
still 26% of the surface rate, Thus, it may be seen that the use 
of Sr 90 applicators entails thirteen timen the total surface dose 
of a Ru 106-Rh 106 applieator to produce the same dose at 5 um 
depth, with a proportionately more severe surface necrosis. 

The family of curves in Figure Û represents the gradation 
of depth dose as measurements are made laterally acrosa the face of 
the test applicator, The axial contact reading is used as the 100% 
reference, The beta ray bean appears to te quite well collimated 
by the O,7-mm aluminum lip of the container structure, since the 
intensity beyond the limits of the exposed emitting surface does 
not exceed a small fraction of the intensity of that portion of the 
field to be used in therapy. However, for long exposures, addition- 
al collimation may be desirable as evidenced by the autoradiographs 
shown in Figure 12, Thin requirement would, of course, be adjusted 
to the tyre of tumor growth or other lesion to he irradiated, since 
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7 E. isodose Curves around 6ن8‎ Applicator Immersed in 
Wafer 





DisTamce from Fhe Source Face = mm 
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some casos may require a r:ther high total dose at all the fringes 
and on into the surrounding skin. In measuring these isodoss 
patterns, readings were taken along a single radius line in 
order to present the conditions which would prevail if the source 
had been properly plated. The curves shown are for a completely 
imaersed scurce. Tissue may not fill thse recess in the applicator 
face in actual practice. The isodese pattern could then be applied 
fron the tissue surface rather than the emitting surface, and would, 
therefore, give a better collimating effect, Due to the physical 
dimensions of the fon chamber and avplicator (Figures 4 und 5), 
it was not possible to complete a closed traverse of the 100% and 
ŞO isodoae curves in the region of the retaining lip of the appli- 
cator, No intensity in excess of 25% of the surface dose rote was 
noted on the surfuce of the applicator at a radius of 13 wm from 
the center, and no heta intongity was mesaureable at the edge, back, 
or side of tho container. Combined gamma ray and Drensotrahlung 
readings, using a Geirer-Mueller counter, (no beta) for Source 2 
showed l4 mr/hr after penetration of 4 com of tissue equivalent 
plastic. 

Figure 9 is an isodose plot of data obtained using the 
fon chamber and arrroaching the edge of the unshielded Source 2 
(no container) immersed in water. It is índientive of the rela- 
tively smell amount of collimating material necessary to confine 
the heta particle beam to tbe desired limits. Evun as the ion 
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chamber avproached so close to the edge of the disc thst aprreciable 
radiation could enter directly from either face of the disc, the 
intensity did not exceed 20$ of the axial reading. Since the 
geometry wos so unsatisfactory in the mesauremente involved here, 
it is safe to say that the true gradient and maxima value is 


mueh more favorable than indiested, 


Aukezadiogrorha! 


The &utorsdiogrephs ahown in Figures 19, 11, and 12 
were prepared in oorfirmatio. of the information obtained by 
electronic measurement, 

Ficure 10 wes obteined by laying the applicator holder, 
with Souree 2 in place, on ite side on a strip of X-ray film. 

It serves to demonstrate that no rarticulate emission is observed 
from the sides of the container. The apparent curvature of the 
edgo in due to the geometry of a circular source standing on ۵جو"‎ 
on a flat plate. The apparent fringing is also due to this 


geometrical distortion, 





Figure 12. Aprlicator placed on itaside on ray film to 
demonstrate sharp cutoff of radiation field at aprlie 
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Figure 1d. This is a portion of a series of autoradiographs ob- 
tained by stacking X-ray film in fronmhof the appli- 
cator, It demonstrates the variation in depth doses 
Exposure = l seo. Source 2, 
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Figure 11, (continued) 
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Figures 12. Edge of X-ray film exposed to beta-ray fieid from ap» 
plicater. Damonstrates the outline o° the ratietion 
field, ixposures ٭‎ 5 and 20 sac. Souree 2. 
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Figure 11 ls e portion of the series of autoradiographs 
ottained by stacking Xeray film and permitting the beta ray beam 
from Source Z (in holder) to penetrate through the pile. Densi- 
tometric data are shown ín Figure 7. The contect exposwre shows 
the rather slight fringing at the edge of the applicator which 
can ba greatly reduced by additional collimation, 

Figure 12 18 an edge exposure and is, in effect, a 
photographic reproduction of Figure 2. This was greatly over- 
exposed in crder to demonstrate the outline of the entire beta 
field, 


Bielorioal Ohaarvationss 


The observations included here are presented in diary 
form for convenience of interpretation. Elapsed time is couputed 
from the time at which the applicator, containing Source 2, was 
mounted on the test animal. 


Elapsed 
Date and Time E 


1540, 25 April Applied source to the shaved nape of rab- 
bit's neck with adhesive tape. No 
breaks in the skin were observable. 


0720, 26 April 15:40 No observable effect at reroval of 
applicator. 


1600, 27 April 42:20 Definite erythema existed over an area the 
size and shape of a kidney bean, correspond 
ing to the more active portion of the ap- 
plieator (see Fig. 2). The coloration was 
about thet of a moderately severe sunburn. 


le 


LE ۶۲‏ لو سونام Wo‏ ایس ملع د سے ہو 

 --— qn اض‎ nd) aedes lua Abi «سمااعم ای‎ yi me 

ee ee ee ۲ صب‎ r 
— e Peto wi? ,۲ وسم‎ mato vi اسو وب‎ 

7-0 - نک . -.91-ت-۔ 

۸ پصسصسس_‎ 
+ fete دس‎ A) dem سوہ سد‎ bm om at RI "می‎ 

mmo yma aa af o 

ww alia edi — — بے‎ aco 

























qot Uo meem — ⸗— o 
tempos f1 mil mmal poiriers —— ب١‎ 
کر سو‎ amt posae ermine ais asia کو‎ 


0815, 


0815, 


1245, 


1300, 


1300, 


28 April 64:35 


30 April 112135 


1 May 141205 


3 May 189320 


5 May 213120 


Complete erythema existed over an area 

22 tm in diameter. The entire arok 

was Of the same color previously ob 
served, except that the area noted 27 
April had become a deep masenta and 
portions thereof had become necrotic. 
There wee no digcoloration observable 
outside an area equivalent to the exposed 
emitting material of the applicator, 


Severe necrosis was evident over the 
entire area, with some sloughing in the 
area corresponding to the sore densely 
plated portion of the source. 


The necrotie area appeared generally the 
seme, with the addition of two open 
lesions approximately l ma in dismeter, 
which were present in the most intensely 
irradiated area, A mild erythema had 
appeared in a band about 1 mm vide 
surrounding the necrotic area, apparent- 
ly due to the low intensity fringing 
noted in Figure $, 


The entire area arreared the same as on 
l May, with sone additional loss of 
skin near the edges of the necrotic 
area, and in the gpots previously noted. 


No arparent change. 


No further sloughing of skin was observed. 
The necrotic areca vas the sane sise, The 
erythemetous area noted on 1 May arpeared 
to have returned to rormal. The heir 
surrounding the neerotio area had grown 
1/8 tol/A inch. There was no apparent 
hair growth in the injured area, nor was 
there any observable epillation. 


At all times during these observations, the animal appeared 
to be otherwise completely normal, 
From the observation of this test animal, It ias ayrarent 


that any radiation damage to tissue subjected to irradiation by a 
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Ku-Rh applicator of thie tyre is confined to the arena immediately 
adjacent to the emitting surface, and that any fringing effects 
are of limited severity and heal rapidly. 

No histological sections were studied in a limited test 
of thie nature. They should, however, certainly he included in 
the extensive animal studies which must be done before thin beta- 
ray applicator may receive any extensive clinical use. 
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CONCLUSIONS 


Consideration of the isodose and penetration intensity 
curves for soft tissue, obtained in this study, shows a Ru 106, 
Bh 106 applicator to be very satisfactory for use in radiation 
therapy. 

Properly collimated, the high-energy beta particles sup- 
plied by Rh 106 provide a strong radiation field to a depth of mere 
than 5 um. Use of this isotope does not entail heavy surface 
necrosis due to a low-energy beta particle from the parent Ru 106, 
nor does it require apzreciable attentuation of the usable beam to 
filter out low-energy particles. Thus, for treatment of surface 
lesions to a depth of several millinsters, an adequate field oan 
be established without the introduction of other pathological eon- 
ditions. For treatment of superficial surface conditions, such as 
fungus infections, the 0.f—<amm 100% dose-rate region permits high- 
intensity, surface irradiation without causing extensive damage to 
the underlying tissus. 

Preper collimation of the beta-ray bean to suit the 
therapeutic probles ean readily be obtained by variation of the 
mechanical structure of the applicator holder, 

Although ganze radiation is inherent in the use of this 
isotope family, the intensity thereof is below established gssme-ray 
tolérance values for souress having beta-ray dose rates in ihe normal 


therapeutic range, The gamma-ray intensity from Ka 106 Is much 
— 
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lower than that from radium sources of tie game betaeray intensity, 
Dr. Neary 22) has compiled the ratio of th intensities of these 
two radiations for typical rsdium plaques and alsc the gradient of 
dose rate with depth. He has stateds 

“The value of the beta-gamma ratio for a full-strength 

applicator with surface dose-rate about 5,000 r/hr is 

of the order of 25" . . 4 4 م ه‎ 

aná 


“The most striking feature is the very rapid fall-off of 
the depth doses e.g., only about 50 per cent at 1 ms." 


A similar computation for fu 106 applicators, based on the values 
obtained herein (see Preparation ef Applicator) showsi 


beta/ gamma Dai. ۰ —— — 
0.127210” gamma dose rate/mo 


= 5663 x 107 for Ru 106, Hh 106. 

It ie readily seen that, from ihe point of penetration of 
beta particles, Rhu 106 is greatly superior to beth radium and Sr 99 
applieetors ss currently prepared, and has a beta-gammea ratio advan 
tage over redium by a factor of 210, It is believed that the advan- 
tages of the Ru 106 beia-ray penetration pattern are so superior to 
those of Sr 90 that the low gamma-ray intensity which is introduced 
may be tolerated, especially in view of the intensity currently 
tolerated in the use of radius. 

Ru 196 is also superior to radium in that no gan-leakage 


hazard exis tas. -45- 
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Brensstrahlung can bs naterlally reduced by employment of 
plating bases and containers of low atoalo number slements. Of the 
lower atomio mmber materials, beryllium is the most satisfactory in 
that it is a light, atrong solid, and is not nearly so chemically 
active as pome of its neighbors in the periodle tabie. Its taxie 
effects can bo readily prevented by proper handling, 

The half life of Ru 106 1s long enough that an epplleater 
eonstructad thereof has an output of sufficient constamey for noraal 
therapeutic use, A simple decay curve based on its initial ealibrae 
tien value is adequate to detersins the dose rate at the start of a 
treatment. Such & smell portion of one half-life transpires during 
the few hours of a treatment period as to permit the assumption of 
constancy ef output for the period in cuestion, 

Examination of the limited available biological ata 
described indicates tho trus tissue effect to be as predicted by 
the measureserts i» the tlesue phantom and by the autoradiegrarhs. 
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SAEZ 


The probles of ths depth=dosags distribution due to beta 
partícle irradistion from sowress 9f Ru 106 ín equilibrium with 
Kb 106 is studied in terme of ionisstion-ohember measurements in 
& tissus-equívalent, water phantom, 

The equipment and methods eapleyed are deseribed in 
detail for the assistance of those who may do further studies of 
thís sort. 

Auxiliary data ura provided by autoradiorrapilo studies 
weing the various sources available, 

Calculations are shown to be in sesord with the available 
experimental data on the sources studied, The resulte nf the eal- 
culations and experimental data demonstrate Ru 106 spplicaters to 
be pragtiosble sourees of high-energy bete rays for use in redia- 
tion therapy. The electremametia rediation involved in its use 
ia small and may be further minimized by uea of structurs] materials 
of low atonio numher, The fel) off of heta-ray dore rste vith 
tissue depth provides a rezion of 0,.9-am depth at 100 ef the surface 
dese rate, and a lorarithmia deeline from 0,9 mx to 257 at 5 mm, 

Exmaination of lísited biological «evidonea confirmed the 
anticipated results as to area affected and depth of tissus ronetion, 
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Ru 106 beta-ray sources heve been shown to bé physieally 
acceptable fer therapeutic use. Initial biological checks have 
confirmed the physical studies, Before this radioactive element may 
be placed im general clinigal wee, additional biolecical studies must 
be performed end analyzed, both as to the effectivenses of this type 
ef applicator on normal tissue and on tumor tissue. Zn view of the 
failure of the beryllium-based souree to arrive in bime feor staty, 
this work must also be carried out. Additional design work must 
be done with respeot to applicator shape and materiais. 
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